The present study investigated the effects of a 10 week walking program using hiking poles on intra-and extramyocellular lipid (IMCL and EMCL) content in elderly as assessed by 1 H-MR spectroscopy. Six nursing home residents aged between 65 and 84 years (n=6) participated in the study. The subjects were asked to walk for at least 30 minutes a day, three days per week. Intramuscular and blood lipid concentrations were obtained at baseline and at after the 10 week study. 1 H-MR spectra were acquired from the tibialis anterior (TA), soleus (SOL) and medial gastrocnemius (MG) muscles. Significant difference was not observed in IMCL concentrations on between before and after pole-assisted walking (PW) program (NS). A significant reduction was recognized in EMCL concentrations and EMCL/IMCL ratio on TA (p<0.05) and MG (p<0.01) between the values before PW and those after. Mean HDL-C (p<0.01) and TC (p<0.05) concentrations increased after completion of the PW program. A decrease in VLDL-C (p<0.05) and HDL-C/LDL-C ratio (p<0.01) was also observed at this point. These results show that the PW program induces a decrease in intramuscular lipids and improves lipoprotein profiles in the elderly nursing home residents.
Introduction
The decline in human physical fitness that accompanies aging continues to attract attention concomitant with the rapid aging of many societies around the world. Mobility is indispensable for elderly people if they are to lead an independent life. The gradual weakening of muscle associated with the onset of age is of especial importance given its influence on walking ability in the old and frail. Strength-and endurance-training are used to maintain and enhance walking ability. Endurance training, which is the best kind of exercise for increasing/ maintaining mitochondrial concentration with aging, has generally resulted in relatively small functional benefits in nursing home patients [1] . In particular, it has been assumed that walking using poles, or some other form of support, encourages frail elderly people in their walking training by preventing falls. It is also believed to provide a remarkable aerobic effect.
In recent years, 1 H-magnetic resonance spectroscopy ( 1 H-MRS) method has facilitated non-invasive measurement of intra-and extramyocellular lipids (IMCL and EMCL) in skeletal muscle. Fat is accumulated inside muscle fiber cells as IMCL, and outside muscle fiber cells as EMCL; and it is believed that the former exhibits a quicker turnover than the latter [2] [3] [4] . IMCL burns to produce energy directly into the mitochondria; and oxidation capacity differs according to the individual [5] . It is reported that obese and type 2 diabetic people have a low fat oxidation capacity in skeletal muscle, both at rest or in exercise [6] [7] [8] . It appears that this reduced fat oxidation capacity results in fat accumulation within muscle. Aerobic training enhances fat oxidation capacity in skeletal muscle [5] . It is known that an endurance athlete oxidizes more fat at rest or in exercise than a typical healthy person [9] [10] [11] [12] . Therefore, aerobic activity may improve fat oxidation capacity in skeletal muscle and may affect accumulation of IMCL or EMCL. This study uses 1 H-MRS method to elucidate the influence of pole-assisted walking (PW) program for a 10 week period on IMCL and EMCL levels in elderly nursing home residents.
Methods
Subjects (age: 75.6 ± 6.7 years) comprised six elderly people (one man, five women), all of whom had received approval from the Sapporo Medical University Ethics Committee.
They were chosen as subjects at a meeting at which the study program objectives were explained and all participated enthusiastically in the program. Their consent to be subjected to various kinds of monitoring was obtained prior to actual commencement of the PW program. All subjects resided in the same geriatric nursing home; and they were all provided with the same meals on any given day. The scope of exercise for relatively healthy elderly is limited. Moreover, it is necessary to take safety into consideration when prescribing such exercise. It is believed that PW prevents falls and provides safe exercise in frail elderly people as it realizes four-footed walking. The program used in this study consisted of endurance training in the form of poleassisted walking over a 10 weeks period. Each subject was assigned three or more sessions per week of PW for 30 min or more without exercise intervention. The intensity and time of the PW sessions were to be at a comfortable pace for each individual. They were instructed to record the number of steps (7281 ± 1311 steps PW a day, mean ± SD), walking duration (53.9 ± 11.8 min a day, 4.3 ± 1.8 times a week) and body weight, every day for 10 weeks in a notebook supplied in advance. It was used a trekking pole (Kizaki Co., Ltd., Nagano, Japan, of a weight of 300 g with variable length). Before the PW program, each pole length was adjusted so that the elbow-joint angle made a ninety-degree angle. We provided instruction on proper use of the poles and walking technique.
The subjects were required to strip down to their underwear and to remove their socks in order to measure height and body weight. Body mass index (BMI; kg/m 2 ) was calculated at before (BEF) and after (AFT) the PW program. Body weight, lean body mass (LBM) and body fat percent (% FAT) were measured by bioelectrical impedance using 8 tactile electrodes, in accordance with the manufacturer's instructions (In Body 3.0; Biospace, Seoul, Korea) [13] . In this study, physical characteristics before (BEF) and after (AFT) the PW program are listed in Table 1 . Comparison of the data on values for BEF and AFT shows no significant differences in weight, BMI, LBM or % FAT (N.S.). After ------52.6 ± 7.2 23.3 ± 3.5 31.9 ± 6.6 35.5 ± 7.6
Mean ± SD. BMI: Body Mass Index; LBM: Lean Body Mass; PW: Pole-Assisted Walking Table 1 : Physical characteristics in before and after the PW program.
Blood samples were drawn between 17:30 and 18:00 p.m., at least 5 h after subjects had consumed identical meals, at BEF and AFT the PW program. These blood samples were analyzed for plasma lipids, lipoprotein cholesterol, HbA1c and glucose at the clinical test center in Sapporo. The serum was collected and stored at 4°C until analyzed. Total cholesterol (TC), triglyceride (TG), HDL-cholesterol (HDL-C), LDL-cholesterol (LDL-C) and VLDL-cholesterol (VLDL-C) for lipoprotein fractions were examined periodically during the course of treatment using Chol/Trig Combo ® , which identifies cholesterol and TG by differential staining [14] . Glucose and HbA1c were analyzed using enzymatic and high-pressure liquid chromatography (HPLC) methods. Each analysis was entrusted to the same clinical test center at both BEF and AFT.
Magnetic resonance images (MRI) for localization and 1 H-MRS were acquired using a clinical 1.5 T whole body scanner system (Signa Horizon LX, GE Medical systems) at BEF and AFT the PW program. A standard head coil (28 cm diameter) was used for detection. In each examination, the subjects lay in a supine position with the right calf placed along the axis of the coil. Transverse T1-weighted MR images (TR, TE ms) were acquired to determine the placement of the 1 H-MRS voxels, at a slice thickness of 5 mm, 28 cm field and 512 × 512 data matrix. The 1 H-MRS was obtained from the tibialis anterior muscles (TA) at the maximum circumference of the calf. Voxel positions were placed so as to avoid vascular structures and gross adipose tissue deposits and ensure consistent orientation of muscle fiber along the magnetic field. As a consequence of this selection process and high spatial resolution, the lipid values determined in these studies represent a lower bound, particularly for EMCL. Localized proton spectra were obtained using a PRESS sequence with TE/TR=30/2000 ms and 128 averages with water suppression. Spectra were processed using the Nuts software package (Acorn NMR Inc. USA). Spectra were line broadened and phase and baseline corrected, and the resonances of interest were line fit at a mixed Lorentzian/Gaussian function. After correction for T1 and T2 relaxations, quantification of IMCL and EMCL content was carried out to compare intensity of (CH2) n (methylene) at 1.3 ppm and 1.5 ppm resonance to the water resonance intensity at 4.7 ppm (Figure 1 ) [15] [16] [17] [18] . The IMCL and EMCL values were corrected for multiple CH 2 groups by using the methods described by Szczepaniak et al. [4] . The assumptions are as follows: 1) methlylene (-CH 2 -) at 1.3 ppm is a singlet (excluding C2-C3 methlylene, allylic, and diallylic methlylene), and 2) the mean IMCL structure is similar to trioleate [19] . IMCL and EMCL were quantified relative to muscle water by using units of mmol/kg wet weight, assuming a tissue density of 1.05 kg/l [4] and the number of (CH 2 )n groups per triglyceride chain for the average triglyceride molecule [20] . Results were shown as means ± SD and p<0.05 was considered to be the level of significance difference. Differences in the variables measured at before and after the PW program were tested using paired t tests. each muscle between BEF and AFT the PW program (Table 2) (NS). A significant reduction was recognized in EMCL concentrations (Table  3) and EMCL/IMCL ratio (Table 4) on TA (p<0.05) and MG (p<0.01) between the values before PW and those after. Blood lipid and lipoprotein profiles are shown in Table 5 . Mean HDL-C (p<0.01) and TC (p<0.05) concentrations increased after completion of the PW program. A decrease in VLDL-C (p<0.05) and HDL-C/LDL-C ratio (p<0.01) was also observed at this point. 
Discussion
For many years, it has been reported that aerobic exercise improved maximum oxygen uptake in elderly people [21, 22] . Therefore, exercise has been recommended for maintenance and improvement of health. The exercise program of this study adopted PW, and evaluated its influence over a 10 weeks period on fat in the skeletal muscle of elderly people using 1 H-MRS method. The exercise program consisted of three or more sessions per week of PW for 30 min or more per session. Intensity of exercise was fixed at a comfortable walking pace.
Generally, it is known that the energy-supply route from fat during exercise is of three types: plasma free fatty acid (FFA) being released from plasma TG; FFA being released from VLDL-C by the activity of lipoprotein lipase; and FFA being produced within mitochondria through decomposition of IMCL accumulated in muscle cells. Neither subcutaneous fat tissue or viscous triglyceride, or intra-muscle fiber (EMCL) triglyceride directly converts to energy through exercise. EMCL exists as a fat deposit between muscle fibers [2] and does not transform with transient exercises [23, 24] . It is assumed that, in this study, EMCL slowly and gradually decomposed and was absorbed into the muscle cells where it worked to supplement IMCL with fat energy throughout the period of the program.
The lipid concentrations in the TA, SOL and MG muscles are indicated in Table 2 . No significant differences were observed in IMCL concentrations, between BEF and AFT. On the other hand, a remarkable change was recognized in EMCL on TA and MG between BEF and AFT. Moreover, a significant reduction was recognized in EMCL/IMCL ratio (p<0.05) on the both muscle at AFT. Postural muscles, such as SOL and TA, are typically involved in continuous force maintenance, and muscle fiber in these muscles is of great functional significance. Especially, TA is the major dorsiflexor of the ankle, with a very homogeneous distribution of activity with in muscle [25] . TA muscle was chosen because of unique properties with respect to IMCL determination by MRS [26] . As a correlation was observed between IMCL and EMCL [27] , it is assumed that there is an intimate relationship between the inside and outside of cells in the demand and supply of energy. On the other hand, many studies have reported that IMCL is reduced by 19-33% immediately after transient exercise [23, 28, 29] . It is evident that IMCL is taken in and consumed in mitochondria directly during exercise. However, IMCL measurement, if carried out even a reasonable time after finishing exercise program, may not show a discernible change, because IMCL is replenished by dietary intake soon after exercise. As IMCL is reported to increase during recovery [30] , the values at rest and at recovery cannot be compared in a simple manner. It is probable that IMCL showed no change in this study because measurement was carried out on the day following the completion of the program.
Blood lipid and lipoprotein profiles are shown in Table 3 . With regard to blood constituents after PW as compared to before PW, no change was observed in TG or LDL-C, whereas there was a reduction of VLDL-C. From this, it was inferred that in endurance training VLDL-C is consumed as the main source of energy [31] . HDL-C increased by 52% in this study. It is well known that the LDL-C/HDL-C ratio declines, and that HDL-C increases, with aerobic training [32, 33] . PW should increase aerobic capacity in elderly people. It is assumed that the increase in HDL-C seen in this study was a factor in engendering the increase in TC and the decline in the LDL-C/HDL-C ratio. Therefore, the above suggests that PW may improve blood lipid and lipoprotein profiles and aerobic work capacity in weak elderly people.
Although few studies have addressed glucose metabolism, Evans et al. [34] reported that aerobics, such as walking, for three sessions per week for nine months improved aerobic ability, increased fat-free mass, and also enhanced insulin sensitivity. One report on diabetic persons [35] showed that control of meal and exercise decreased HbA1c. However, no diabetics were included among the subjects employed in this study. Although blood glucose levels and HbA1c were investigated as indices of the glucose metabolism in this study, no change was observed after PW in either value.
Conclusion
These results suggest that pole-assisted walking at a comfortable pace may improve lipid metabolism in the elderly nursing home residents. Moreover, it is believed that walking with poles prevents falls in weak elderly people while providing them with a remarkable aerobic benefit.
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